Abstract To examine whether increasing investment in needle/syringe exchange programs (NSPs) in the US would be cost-effective for HIV prevention, we modeled HIV incidence in hypothetical cases with higher NSP syringe supply than current levels, and estimated number of infections averted, cost per infection averted, treatment costs saved, and financial return on investment. We modified Pinkerton's model, which was an adaptation of Kaplan's simplified needle circulation theory model, to compare different syringe supply levels, account for syringes from non-NSP sources, and reflect reduction in syringe sharing and contamination. With an annual $10 to $50 million funding increase, 194-816 HIV infections would be averted (cost per infection averted $51,601-$61,302). Contrasted with HIV treatment cost savings alone, the rate of financial return on investment would be 7.58-6.38. Main and sensitivity analyses strongly suggest that it would be cost-saving for the US to invest in syringe exchange expansion.
Introduction
HIV infections cause significant human suffering and exact substantial financial costs, with each infection in the United States estimated to result in a loss of between 9 and 21.1 years of life [1] [2] [3] , between 5.33 and 6.433 qualityadjusted life years [2, 3] , and $379,668 (2010 dollars) in lifetime treatment costs [4] . The sharing of drug injection equipment is the second-most common route of HIV transmission-approximately 9.4 % of new HIV infections in the United States in 2009 occurred among persons who injected drugs (PWID) and 2.7 % occurred among men who had sex with men and injected drugs (MSM/PWID) [5] .
Access to sterile needles and syringes (herein referred to as ''syringes'') is a proven approach for reducing HIV transmission enumerated in the 2010 National HIV/AIDS Strategy for the United States [6] . The evidence in favor of needle/syringe exchange programs (NSP) is well-documented, with economic evaluations repeatedly showing that NSPs are cost-effective and cost-saving for the prevention of HIV [7] [8] [9] [10] [11] [12] [13] [14] . The 2012 US President's Emergency Plan for AIDS Relief (PEPFAR) Blueprint envisions an AIDS-free generation within our lifetime, calling for ''smart investments based on sound science'', and establishing NSPs as one of the three central elements of the PEPFAR comprehensive prevention package for PWID, in addition to community-based outreach programs and drug treatment [15] .
The 2010 National HIV/AIDS Strategy set the objective of reducing the annual number of new HIV infections by 25 % by year 2015 [6] . This objective was elaborated in the Centers for Disease Control and Prevention's (CDC) Strategic Plan for 2011-2015 as reducing HIV infections in each of several vulnerable populations including PWID by at least 25 % [16] . Although NSPs may be an essential strategy for achieving this goal, none of the funds in the CDC HIV prevention budget (approximately $750 million for fiscal year 2013 [17] ) could be used to support NSPs, as federal funding of NSPs has been banned since 1988 with the exception of a 2-years period from December 2009 to December 2011 [18, 19] . Private donors and state and local governments provided approximately $24 million in 2009 to support over 200 NSPs in the US [20] . Despite these local efforts to reduce injections with non-sterile syringes, NSP syringe coverage in the US remains low. Tempalski et al. [21] found that the number of sterile syringes from NSPs in 35 large metropolitan areas was equal to only about 3 % of the number of drug injections. Although new syringes are also obtained through pharmacies and other means, there is evidence to suggest that the vast majority of drug injections are with syringes that are not new [22, 23] .
No single intervention will be sufficient for reaching the goal of an AIDS-free generation, but scaling up NSPs may be an important component for reducing HIV infections among PWID. What benefits might be realized through increased investment in NSPs? What would be the costsavings or cost-effectiveness of different levels of investment? The answers to these questions are essential for informing national policy development and funding decisions, but to our knowledge no previous study has estimated the potential costs and benefits of increasing investment in NSPs in the US.
NSPs are diverse in the range of services they provide. The key component shared across programs is syringe exchange, which increases access to sterile syringes and speeds up removal of used and potentially HIV-contaminated syringes from circulation, thereby reducing HIV transmission through shared syringes. In addition to this key component, many NSPs provide additional services such as referrals to drug treatment programs, HIV testing and counseling, and condom distribution [24] , which have other possible direct and indirect benefits: changing social norms among PWID towards safer injecting, facilitating entry into drug treatment and cessation of drug use, increasing condom use, increasing testing and treatment of HIV and other sexually transmitted infections (STI) leading to lower HIV viral load and infectivity, increasing testing, treatment and vaccination for hepatitis viruses, and reducing drug overdoses.
The present study aimed to estimate the impact on HIV transmission of hypothetical increases in syringe exchange investment. Its focus is the impact of the most essential component of NSPs: increasing access to sterile syringes and faster removal of used syringes. With this purpose, our analysis took into consideration the costs associated specifically with the supply and exchange of syringes, and its impact on syringe sharing and syringe contamination, and based on which estimated the number of HIV infections averted and HIV treatment costs avoided. The method was mathematical modeling using existing data. We applied with modification the model that Pinkerton [13] used to evaluate Vancouver's Insite program, which was an adaptation from Kaplan's simplified needle circulation theory model [25] [26] [27] .
The impacts of the additional NSP services listed above are outside the scope of this paper. To evaluate their costeffectiveness, other modeling approaches would be needed, and additional research would be required to generate the data needed for modeling inputs.
Methods
From existing data, we derived estimates for the current situation in the US: the number of syringes supplied by NSPs in a year and the number of people who contract HIV due to drug injecting risk in a year. The key question is if NSP syringe supply were increased by a certain amount, what would happen to the number of people contracting HIV-it is expected to go down, but by how much. If we could answer this question, we could evaluate the costeffectiveness of such hypothetical increase in NSP syringe supply by costing it and estimating savings resulting from infections averted.
The Model
The strategy for answering this question is to start from an equation for the number of new HIV infections due to injection drug use over a 1-year period, and to relate parameters in this equation to syringe supply. Such equation would allow us to estimate how a hypothetical increase in syringe supply would affect the number of new infections.
The initial equation is based on the premise that the number of new infections in a year equals the number of uninfected (thus at risk) persons times the probability that an uninfected person becomes infected over the course of the year. It is:
I is the number of new HIV infections due to drug injecting risk in the US in a year. N is the number of PWID in the US and a is HIV prevalence among PWID, therefore N 1 À a ð Þ is the number of uninfected PWID who are at risk of contracting HIV. The product Bcc is an approximation for the probability that an uninfected PWID becomes infected in the year, with B being the average number of times a PWID injects drugs with a receptively shared syringe (or number of ''borrows'') in a year, c being the proportion of shared syringes that are contaminated with HIV, and c representing the probability of getting infected through one injection with an HIV-contaminated syringe. The probability c averages risk over the heterogeneity of syringe contamination including variation in blood amount and variation in viral load in the blood-the latter being a mixture of low levels (from HIV-positive persons who have viral suppression as a result of antiretroviral treatment) and high levels (from those without viral suppression).
We use these notations to refer to parameters in the current situation, or the status quo, which we call the base case. In a hypothetical case with increased NSP syringe supply, the number of new HIV infections due to injection risk in a year is denoted by I 0 . The number of borrows and the contaminated proportion are expected to decrease as a result of increased syringe supply; we denote them with B 0 and c 0 . The other parameters N, a and c are conservatively assumed to stay the same. As such,
We are interested in estimating number of infections averted as a result of increasing syringe supply (A ¼ I À I 0 ). It is more tractable, however, to compare I 0 to I using the ratio:
Once I 0 =I has been worked out, the number of infections averted can be estimated:
To estimate the ratio of syringe contamination proportions (c 0 =c), we applied Kaplan's simplified needle circulation theory model [25] [26] [27] , which was adapted and used by Pinkerton in his evaluation of Vancouver's InSite program [13] . Based on this model, the proportion of syringes that are contaminated is proportional to the rate at which syringes become contaminated, which in turn is proportional to the ratio of the number of injections with a borrowed syringe to the number of injections with either a new or a borrowed syringe. Thus:
where S and S 0 denote the number injections with brand new syringes per PWID per year, in the base case and in the hypothetical case.
Results from the needle circulation theory are based on an average 1-to-1 exchange assumption; greater exchange ratios (more dirty syringes for a new one) would result in greater reduction in contamination. While programs vary in exchange policies and may not rigorously enforce 1-to-1 exchange, the overall result is close to 1-to-1 exchange and the assumption holds for our calculations. Data on syringes distributed by and returned to NSPs (available from the North American Syringe Exchange Network [20] ), and discounting for syringes being unused/lost and for NSP syringes replacing the use of syringes from other sources (see details about such discounting below), point to an effective ratio of 1 new syringe for 1.04 or 1.06 old syringes (for 2009 and 2008) .
From the contamination ratio above, it follows that
The infections ratio thus depends on base case and hypothetical case values of two parameters: (1) the number of injections with new syringes per PWID per year, which is also the average number of new syringes used by a PWID per year; and (2) the number of borrows per PWID per year. The question is how these two parameters would change as a result of an increase in NSP syringe supply.
First, the average number of new syringes a PWID uses in a year (S) is a combination of syringes from NSPs (S NSP ) and syringes from other sources (S nonNSP ). Of the total volume of syringes supplied by NSPs to PWID in the US over 1 year (V NSP ), we assume that a certain proportion (w) go unused, and the average number of new NSP syringes used by a PWID in a year is:
With an increase in NSP syringe supply of DV NSP , the number of new NSP syringes used per PWID per year is increased by:
We assume also that as NSP syringe supply increases, a proportion (r) of the additional NSP syringes would replace syringes that otherwise would have been obtained from non-NSP sources, such that:
Summing each side of the two equations above, we have:
Let f denote 1 À w ð Þ 1 À r ð Þ, representing a discount for both the NSP syringes that would go unused and the replacement of non-NSP syringes, and name it the ''supply increase discount factor''. The hypothetical case number of syringes used per PWID per year is:
Second, how would an increase in NSP syringe supply affect the number of borrows (B)? While the number of injections per PWID per year (M) is expected to remain the same, the number of injections with a new syringe per PWID per year (S) would increase with increased NSP syringe supply. The number of injections with a syringe that is not new (''non-new'' injections, for short), which is M À S ð Þ, would go down, and this number includes injections with borrowed syringes (B) and injections with reused syringes. To our knowledge, no previous study has examined the relationship between S and B. Our own exploratory analysis of site level data from the NIDA Cooperative Research Evaluation Study indicated that proportions of non-new injections that occurred with borrowed syringes were independent of proportions of injections with new syringes. We assume that the proportion of non-new injections that occur with borrowed syringes
Þwould remain constant:
This implies a reduction in the number of borrows:
Finally, by supplying estimates (based on existing data and assumptions) for the number of PWID in the US (N), annual number of new HIV infections due to injection risk (I), per-PWID per-year numbers of injections (M), injections with a new syringe (S), and injections with a borrowed syringe (B), and the supply increase discount factor (f), the number of HIV infections averted with increased NSP syringe supply can be estimated. For a given increase in NSP syringe volume ( DV NSP ð Þ), the number of HIV infections averted is:
Computations
Calculations started with levels of hypothetical additional investment, which we set to range from zero to 50 million US dollars (in 2011 currency). Dividing the additional investment by the estimated cost per NSP syringe distributed (U) provided an estimate of the increase in US NSP syringe supply DV NSP , from which the number of infections averted (A) was calculated. HIV treatment costs avoided as a result of averting those infections were derived by multiplying the number of infections averted by the estimated per person lifetime HIV treatment cost (T), which was represented in net present value (i.e., discounting future costs to present time), so that these savings could be compared to investment.
Parameter Values
The model requires the specification of several parameters, with values drawn from or estimated based on existing data. Where there was uncertainty about a value, a range of credible values was examined through sensitivity analysis. A worst-case scenario sensitivity analysis was also conducted, combining the least favorable values on all parameters. These parameter values, their basis/sources and the value ranges for sensitivity analysis are presented in Table 1 . The reasoning behind the selection of such values is provided below. Number of new HIV infections due to drug injection risk in the US per year in the base case (I) = 2,575 infections. HIV incidence estimates available for the most recent year (2009) served as the basis for our analysis, with 4,500 new HIV infections acquired by PWID and 1,300 by MSM/ PWID [5] . For this analysis, only infections due to drug injection risk are of interest, and existing research suggests that HIV sexual transmission among PWID is common. Male PWID who engage in homosexual activity are more likely to become infected [28] [29] [30] . Female PWID who have a drug-injecting sex partner, have had an STI [30] , or engage in prostitution [28] are more likely to become infected. Findings from studies comparing the sexual risk of PWID and people who use non-injecting drugs are mixed: one found less sexual risk among PWID [30] , another found comparable risk [31] .
A recent study with 337 PWID in New York City [32] found a significant association between HSV-2 and HIV infection and no association between HCV and HIV infection, and thus concluded that most HIV infections in this sample occurred through sexual transmission. While New York City is one of the cities in the US most active in meeting PWID's safe injection needs and therefore may have less parenteral transmission than in other areas, this finding suggests generally that in settings where interventions to reduce parenteral transmission are effective, sexual transmission may account for a large part of HIV infections among PWID.
Given the lack of precise estimates, we assumed that 50 % of the infections in the PWID category and 25 % of the infections in the MSM/PWID category were due to injection risk-a total of 2,575 infections in 2009-and used this as the base case number of new HIV infections due to injection risk per year. To address the uncertainty of these proportions, we conducted sensitivity analysis on the range of 2,060-3,090 infections (corresponding to 40-60 % of PWID category and 20-30 % of MSM/PWID category).
Number of persons who injected drugs in the past year in the US (N) = 1.55 million. Using anchor PWID population estimates of 1.75 million in 1992 [33] 
On average, a PWID uses a syringe he/she owns five times, based on Heimer et al. [41] and Huo and Ouellet [22] 104.40-182.71 syringes (corresponding to 7-4 uses per own syringe)
f: supply increase discount factor 0.855
Assuming that w (proportion of NSP syringes that go unused) = 5 % and that r (proportion of NSP syringes that replace non-NSP syringes which would have been used otherwise) = 10 % Based on a review of the literature and consultation with various experts, Tempalski et al. [21] arrived at the same estimate of 2.8 injections per PWID per day in 2000. This is equivalent to 1,022.7 injections over a year of 365.25 days. However, not every PWID injects for the whole year. Galai et al. [39] tracked how PWID in Baltimore moved in and out of drug injecting. Using data from their paper, we found that people in this sample were injecting drugs for only 79.4 % of the time they would be classified as past-year injectors. This means on average, each PWID had 1,022.7 injections * 79.4 % = 812.02 injections per year. Sensitivity analyses examined a range of 720-900 injections.
Number of borrows per PWID per year in the base case (B) = 81.20 borrows. This was based on an estimate of the proportion of injections that occur with borrowed syringes, out of all injections. Pinkerton estimated this proportion to be 0.083 in Vancouver, by multiplying the proportion of PWID who borrowed with the proportion of injections by those who borrowed that were with borrowed syringes [13] . To estimate this proportion for the US, we used data from the NIDA Cooperative Research Evaluation Study, presented in an early paper by McCoy et al. [40] . Of 12,323 active PWID recruited from 19 sites, 31.9 % reported sharing both syringes and drug preparation tools in the past 30 days; another 8.6 % reported sharing syringes only. Those in the first group reported using syringes previously used by another PWID on average 29.4 times in the past 30 days; those in the second group reported 14.1 times. Combining this with the injection frequency of 2.8 times per PWID per day, we could estimate borrowing = (31.9 % * 29.4 times ? 8.6 % * 14.1 times)/ (30 days * 2.8 times) = 12.6 %. The NIDA study is dated, however. One could expect borrowing behavior to have declined over time as a result of HIV prevention efforts. To incorporate this expectation, instead of 12.6 %, we used 10 %, and arrived at number of borrows = 812.02 injections * 10 % = 81.20 borrows. Sensitivity analyses examined a range of 64.96-105.56 borrows (corresponding to 8-13 % of injections).
Number of brand new syringes used per PWID per year in the base case (S) = 146.16 syringes. Apart from injections that happen with borrowed syringes, the rest (M À B = 730.82 injections) occur with syringes a PWID owns (or ''own syringes'', for short). This number, divided by the number of injections per own syringe, would give the number of brand new syringes a PWID uses per year (S). Estimates of the number of injections per own syringe are available from several sources. Heimer et al. [41] studied the number of injections per syringe among NSP clients in four cities in the early and mid 1990s. With the implementation of NSP, they found that the mean number of injections per syringe in Chicago decreased from a mean of 6.83 (median 5) before the start of NSPs to a mean of 1.4 (median 1) after, and in Baltimore decreased from 12.4 (median 6) to 3.6 (median 2). In New Haven, the number of injections per syringe decreased from 7.14 to 3.97 when individuals began using an NSP. Using data collected between 1997 and 2000 in Chicago, Huo and Oullet found that the median number of injections per own syringe among PWID who reused their syringes was 3 for NSP users and 5 for non-users [22] ; including PWID who did not reuse any syringes in their analyses would have resulted in medians that were lower. Given the range of available values above, we assumed that on average a PWID in the US uses a syringe he/she owns for five injections. Thus the number of brand new syringes a PWID uses in a year is 730.82 injections/5 injections per syringe = 146.16 syringes. Sensitivity analyses examined a range of 104.40-182.71 syringes (corresponding to 7-4 injections per own syringe).
Supply increase discount factor (f) = 0.855. This was based on an assumption of 5 % NSP syringes going unused, and 10 % of the increased NSP syringe supply replacing non-NSP syringes. As no data are currently available to suggest what these proportions should be, these estimates were based on author consensus. Sensitivity analyses examined an f range of 0.8-0.9.
NSP unit cost (U) = $0.48 per syringe. The Beth Israel Medical Center/North American Syringe Exchange Network (NASEN) Survey provides information on the budgets of and number of syringes distributed by NSPs in the US. However, these programs provide a number of services beyond syringe distribution, while our analysis focused on the costs and benefits of increased syringe supply. For this purpose we estimated programmatic costs for a minimal set of services including syringe exchange, referrals to off-site services and no more than one additional on-site service such as HIV testing or condom distribution. Analysis of costs data reported to the NASEN survey by programs that provide such level of service gives an average cost of $0.48 per syringe (in 2011 USD).
Lifetime HIV treatment cost per infected person (T) = $391,223 (in 2011 USD). The CDC published that on average, the lifetime treatment cost of an HIV positive case, discounted to net present value, was $379,668 in 2010 USD [4] . Adjusted for inflation in medical care costs, this is equivalent to $391,223 in 2011 USD.
Results
In the base case scenario with no additional syringe exchange funding, an estimated 2,575 HIV infections occur in a year due to drug injection risk. Based on lifetime treatment costs of $391,223 in 2011 USD per infection, the total treatment costs for these infections is $1.01 billion. Figure 1 displays the estimated effects of hypothetical increases in syringe exchange funding, including number of HIV infections averted and savings in lifetime HIV treatment costs that result from averting them. Table 2 presents the same estimates plus cost per infection averted, net savings (i.e., treatment cost savings minus investment increase), and average and marginal rates of financial return on investment.
Based on the model and parameter estimates, an additional $10 million investment for NSPs providing a minimal set of services in a year would avert 194 HIV infections and result in treatment cost savings of $75.8 million. A $50 million increase in funding would avert 816 infections and save $319.1 million in treatment costs. The cost per infection averted would range from $51,601 (in case of $10 million additional investment) to $61,302 (in case of $50 million additional investment). This corresponds to a rate financial return of investment of 7.58 to 1 in the former case and 6.38 to 1 in the latter case.
The US National HIV/AIDS Strategy specified a goal of 25 % HIV incidence reduction. Based on our model, to reduce by 25 % the number of HIV infections among PWID attributable to injection risk that occur in a year, an increase in annual NSP funding of slightly less than $40 million would be needed. Figure 2 presents the findings of sensitivity analyses with two outputs, the number of infections averted (top panel) and net savings (bottom panel). The uncertainty in three parameters, B (injections with a borrowed syringe), S (injections with a new syringe) and f (discount factor for syringe supply increase) caused minimal change in modeling results. Variations in M (injections per PWID per year) and U (cost per syringe distributed) corresponded to slightly bigger changes, and variations in I (HIV incidence) caused the most substantial change. The low value for N (number of PWID) resulted in very high estimates of infections averted. Over all these sensitivity analyses, the conclusion that additional investment in syringe exchange would be highly cost-saving does not change.
In the worst-case scenario sensitivity analysis, the least favorable values of all the seven parameters were combined (Fig. 2) . Under this scenario, an investment increase of $10 million would avert 99 infections, save $38.76 million in HIV treatment costs, and represent a rate of financial return on investment of 3.88-1. An investment increase of $50 million would avert 445 infections, save $173.97 million in HIV treatment costs, and represent a rate of return on investment of 3.48 to 1. Even in this worst-case scenario, additional investment in syringe exchange would be highly cost-saving.
Discussion
These analyses indicate that it would be highly cost-saving to invest additional funds to expand syringe exchange services in the US. Over the course of 1 year an additional investment of only $10 million would avert an estimated 194 HIV infections and avoid $75.8 million in lifetime HIV treatment costs (saving $65.8 million net), representing a rate of financial return on investment of 7.58. If the investment increase were $50 million, it would also be highly cost-saving: approximately 816 HIV infections would be averted, equivalent to nearly one-third (32 %) of the annual number of new HIV infections due to drug injection risk; $319.1 million of lifetime HIV treatment costs would be avoided (net savings $269.1 million), representing a 6.38 rate of financial return on investment. Sensitivity analyses showed that when uncertainties about parameter values were accounted for, investment increase remained highly cost-saving.
Our analyses were conservative in scope, focusing on the effects of increased NSP syringe supply in terms of reducing number of injections with borrowed syringes and reducing HIV contamination of syringes in circulation. We did not account for the impacts of other services provided by NSPs on HIV transmission, such as referrals for drug treatment which may reduce the number of PWID at risk for HIV, HIV testing and counseling which may reduce risk behavior and lead to earlier initiation of HIV treatment and reduced infectivity, condom distribution which may reduce sexual transmission among PWID and their sex partners, etc.; and did not account for reductions in secondary HIV infections. We also did not estimate benefits of increased NSP syringe supply on hepatitis C infections. In calculating return on investment, our study was also conservative in including only savings in HIV treatment costs, without estimating the additional social and economic costs avoided, or assigning a monetary value to the lives and life years saved.
As the scope of our study was restricted to the costeffectiveness of increased syringe supply (the most essential component of NSPs), we estimated programmatic costs associated with a minimal set of services. This level of cost ($0.48 per syringe) allows for what is offered by the leanest programs: the exchange of syringes plus referrals to off-site services and no more than one additional on-site service. As such, our study did not estimate the benefits of services beyond syringe exchange. If instead of this $0.48 per syringe we used the average cost from all NSPs surveyed by NASEN including programs with more comprehensive services (which if divided by the syringe volume would be about $0.72), even without accounting for the additional benefits of the broader range of services, this would still lead to the conclusion that increased investment would be highly cost-saving.
That is not to say that the other effects of NSP services should be neglected. They represent a gap in the syringe exchange literature, so their magnitudes are not known. No study has estimated, for example, NSPs' potential effect on the HIV treatment cascade, from increased counseling and testing, to earlier treatment initiation, to viral suppression, to reduced infectivity, even though it has been established that early treatment [42] and viral suppression [43] reduces infectivity and sexual transmission. To estimate such effect requires data that causally link NSP attendance to earlier initiation of HIV treatment, which currently do not exist. As more data become available on the various effects of NSPs, cost-effectiveness analyses should incorporate them so that the impacts of NSPs could be captured fully and the package of NSP-related services could be tailored to optimize the cost-benefit tradeoff.
Two parameters in our model-HIV prevalence and the average infectivity of an HIV-contaminated syringe-were conservatively assumed to be the same in the hypothetical case as well as the base case, while theoretically, they could go down over time in the hypothetical case, relative to the base case. Higher syringe supply means fewer new infections, which could make prevalence in the hypothetical case lower than in the base case. NSP attendance could lead to earlier HIV testing and treatment initiation, which would reduce the amount of virus contaminating syringes, lowering the overall infectivity of syringes. Since the short (1-year) time frame being considered means these effects would likely be very small, and due to lack of estimates for them, we excluded them from this analysis. These effects, however, could not be ignored in studies that project HIV incidence over several or more years into the future.
One unconservative aspect of our model is that it does not address the competing risk of sexual transmission. The individuals who avoided injection-related infections in the hypothetical case would remain in the pool of people at risk for infection through sex. If we applied the population average sexual transmission rate among PWID (based on the data on new infections and PWID population size used in this study), out of the 194 persons who avoid injectionrelated infections in the $10-million-investment-increase scenario, we would expect 0.21 persons to become infected sexually; out of the 816 persons in the $50-millioninvestment-increase scenario, we would expect 0.88 persons to become infected sexually; both of these are small numbers. This, however, assumes no correlation between sexual and parenteral transmission risks, but it is difficult to estimate the correlation of these risks and the relevant sexual transmission incidence rate for these individuals. We have thus excluded this detail from our analysis. When more data are available on risk correlation, this issue should be revisited. On the other hand, NSPs typically provide HIV testing and condoms, both of which may be associated with reduction of sexual risk behavior. Thus, expansion of NSPs may actually be associated with reduced sexual transmission. As we believe that this effect would be small within a 1-year time frame, and do not have the data needed to estimate this effect, we have not included it in the model. It should be mentioned that the model we used in this analysis is a relatively simple model that requires a small number of parameters. This was deemed suited for a national level analysis, because of limited data availability and our hesitation to make too many assumptions. In other words, the gain in big picture comes with a certain loss in resolution. In local level analyses, other researchers have used more complex models. For example, Vickerman et al. incorporated estimates of PWID who do not share syringes or have different levels of sharing and injection network characteristics [44, 45] . Bobashev et al. [46] proposed agent-based models that allow simulating HIV transmission under different NSP syringe coverage scenarios. For our purpose of national level analysis, data were too sparse to allow reasonable assumptions about individual PWID behaviors and their injection networks to use any of these complex models.
The quality of a cost-effectiveness analysis depends on the quality of the data that inform the values of modeling parameters. As our analysis was at the national level, we were able to draw from data from different national and local studies for different parameters. Many of the parameters, however, were estimated from either older data from national studies or more contemporaneous data from localized studies, which may or may not accurately reflect contemporary national epidemiology of HIV and injection practices among PWID. There was uncertainty about quite a few parameters, such as the size of the PWID population, HIV incidence due to injection drug use, sharing/borrowing practices, number of injections per syringe, and the quantity of non-NSP syringes.
To address these issues, we relied on multiple data sources to reduce bias and conducted sensitivity analyses covering ranges of plausible parameter values to account for the uncertainty in each parameter. Even when the least favorable values of all these parameters were combined, the results indicated substantial cost savings, making it clear that the conclusion about increased syringe exchange funding being highly cost-saving is robust to uncertainties in parameter values. When more precise data for the parameters in this model become available, updating the analysis may provide more accurate estimation of the degree of effectiveness of syringe exchange expansion.
A feature of the model that should be mentioned is that it is an average model that assumes parameter values are similar across different geographical locations in the United States. To be precise, it assumes that the ratio of new infections in the hypothetical case to the base case (I 0 =I) is the same (or similar), which means B, c (and B 0 , c 0 ) are similar, in different parts of the country. This is an inaccurate assumption but was necessary for the model to be estimated, because data on B (number of borrows) were not widely available. While we produced one estimate of costeffectiveness for the country based on this average model, for funding decisions, we would like to highlight that if investment increase were to be targeted, it would be more cost-effective and cost-saving in areas where syringe coverage is lower and borrowing is more prevalent (higher B than average, which means increased syringe supply will displace more borrows, leading to a smaller I 0 =I ratio), and where HIV incidence is high (higher I for PWID population than average), as these conditions combined give rise to a larger number of infections averted (I À I 0 ). Local NSP cost is also an important factor-in areas where NSP operating costs are lower, investment increase would be more cost-effective.
To inform local funding decisions, it would be even better to have local analyses, especially in areas where injecting drug use, HIV among PWID, and syringe exchange have been extensively researched, and local data are thus available for model parameters (for an example about how such data could be used for local analysis, see the spreadsheet available online as supplemental material). Data availability may even allow the consideration of one or more of the more complex models mentioned above.
Conclusions
With an estimated total syringe coverage of about 18 % of drug injections (including 2.8 % coverage by NSPs), there is tremendous unmet need for clean syringes among PWID in the US. From a public health perspective, more investment is needed for syringe exchange, to avert infections and save lives. From a financial management perspective, in a time of difficult economic conditions constricting resources for public spending, it is especially important to invest in interventions that are effective and cost-effective. Investment in syringe exchange not only meets these two criteria but also would save more resources than what needs to be spent. Given that about three-fourths of HIV treatment costs in the US are borne by the public sector [47] , expanding syringe exchange could contribute to reducing the country's public budget deficit in the long run. These are important factors that US policy makers should consider in deciding whether or not to support expansion of syringe exchange.
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